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SUMMARY 



The diameter of the passage connecting the pr ecomtiis- 
tion chamber with the cylinder was varied through a range 
from 3/I6 inch to I-I/I6 inches. The auxiliary chamber 
contained 50 per cent of the total clearance of the 5 by 7 
inch cylinder at a compression ratio of 13.5. 

Results of motoring tests are presented showing the 
effect of passage diameter on chamber and cylinder com- 
pression pressures, maximum pressure differences, and 
f.m.e.p, over a speed range from 300 to 1,750 r.p.m. 

Results of engine-performance tests are presented 
which show the effect of passage diameter on m.e.p., ex- 
plosion pressures, specific fuel consum.pti on , and rates of 
pressure rise for a range of engine speeds from 500 to 
1,500 r.p.m. 

The cylinder compression pressure, the maximum pres- 
sure difference, and the f.m.e.p. decreased rapidly as the 
passage diameter increased to 29/64 inch, whereas further 
increase in passage diameter effected only a slight change. 
The most suitable passage dia..eter for good engine per- 
formance and operating characteristics was 29/54 inch. 
Passage diameter became less critical with decrease in en- 
gine speed; trierefore, the viesign sho---.ld be based on max- 
imum operating speed. Optimum performance and satisfac- 
tory combustion control could not be obtained by means of 
any single diameter of the connecting passage. 
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INTRODUCTION 



The pr ecomb-ust ion- cjiamb er type of cylinder head em- 
ploys forced air flow to mix air with fnel in the auxil- 
iary chamber. Comhustion later expels part of the ■burn- 
ing mixture into the cylinder where comhustion continues. 
The completeness and control of mixing and combustion de- 
pend upon a number of factors which for convenience may 
be divided into two groups: first, chamber position, 
clearance distribution, and clearance shape; second, the 
connecting-passage area, shape, and direction. Several 
of these factors have been investigated theoretically (see 
bibliography) but there has been little engine investiga- 
tion. The effect of clearance distribution on motoring 
characteristics and engine performance has been experimen- 
tally investigated at this laboratory and reported in ref- 
erence 1. 

The work presented herein is an investigation of the 
effect of passage area on the motoring characteristics and 
the engine performance for a constant clearance distribu- 
tion. Motoring and engine-performance tests were made for 
a series of passage diameters between 3/I6 inch and I-1/I6 
inches. The investigation was undertaken because the pas- 
sage area is of importance both in determining the air- 
flow velocity into the auxiliary chamber and in control- 
ling the flow of the burning mixture into the cylinder. 

This work was done during 1932 in the power plants 
laboratory of the National Advisory Committee for Aeronau- 
tics at Le.ngley Tield, Ta. 

APPARATUS AND METHODS 

The cylinder head (fig. l) used for the tests herein 
reported was the same as that used in reference 1. In 
the present work, the auxil iary- chamber volume was chosen 
as in previous work (references 2 and 3) at 50 per cent of 
the total clearance and was held constant while the diam- 
eter of the connecting passage was varied. A connecting 
passage which was considered too small for practical oper- 
ation was selected and pr ogreis s ively enlarged. (See Table 
I.) For the same engine speeds, the air flow velocities 
should be in the inverse ratios of the areas if the flow 
coefficients of the passages remained constant. 



IT.A.G.A, Technical iTote No, 436 



3 



As in former tests, the passage used was circular in 
cross section. This shape was retained "because, when us- 
ing a circular passage, there is a minimum change in clear- 
ance shape as the area of the 'passage is increased. How- 
ever, there was a change in the passage length/diameter 
ratio and radius of flare for each passage diameter test- 
ed. The length/diameter ratio varied from approximately 
3,3 to 0.6 and the radius of flare varied from ll/32 to 
17/32 inch. The compression ra.tio also varied from 13,2 
to 13,7 "because the pr ecombus t i on chamber used was de- 
signed to give the standard compression ratio of 13,5 when 
using a 9/l6-inch diameter connecting passage as in pre- 
vious work. The effect of these variations on engine per- 
formance was considered to be negligible. 

The test equipment (fig. 2) and general test methods 
used in these tests were the same as those of reference 1, 
except as specifically noted in this report. The only 
change in the standa,rd test conditions is in the consider- 
ation of full-load fuel quantity, which in this report is 
0,000325 pound per cycle, or that quantity of fuel which 
will be completely burned, assuming perfect combustion, 
with the amount of air inducted per cycle at 82,5 per cent 
volumetric efficiency. Previous publications have used 
both fuel quantity per cycle and load fraction as refer- 
ence scales so there should be no difficulty in the corre- 
lation of this work with that already reported, 

For convenience of reference, the standard test con- 
ditions are tabulated below: 

Engine • . • , single cylinder, 5 by 7 in. 

Engine speed 1,500 r.p.m. 

Fuel . , Diesel engine fuel, 0,847 specif-- 

ic gravity, 41 seconds Sagbolt 
Universal viscosity at 80 E. 

Eull-load fuel quantity 0,000325 lb. per cycle. 

Injection period (at 1,500 r.p.m.) . . . 20^ crankshaft. 

Injection advance angle (a,t 1,500 r.p.m.) 7^. 

Spray type , • noncentrif ugal , 



Nozzle type .... single orifice, 0,050-inch diameter. 
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Puol valve position upper chanlDer hole. 

Valve opening pressure (automatic) . 3,500 It. per sq.in^ 

Fuel temperature • • 80^ F. 

Engine luoricating oil tenperature (out) .... 140^ F. 

Cooling water temperature (out) 170^ F. 

Tenperature of inlet air 95^ F, 

In general, the test program for each passage diame- 
ter was the same, although more extensive motoring tests 
were made on the smaller passages^ In these tests the av- 
erage compression temperature and the compression pressure 
were measured and indicator cards were ohtained from "both 
chamher and cylinder for speeds ranging from 300 to 1,740 
r.p.m. The f.m.o.p, was computed from the dynamometer 
scale reading at each speed. 

The power data obtained were h^m.e.p* explosion pres- 
sure in chamber and cylinder, and fuel consumption for 
five of the passages tested. These data were obtained at 
standard conditions and at speeds of 500, 1,000, and 1,500 
r.p.m* The I. A, A, at these speeds were 1°, 3°, and 7 
B^T.C, respectively. Indicator cards were also taken from 
the chamber and cylinder for standard conditions at each 
of the three speeds. The ignition lag was computed from 
these cards and is considered as the time in fractions of 
a second from the start of injection of the fuel as deter- 
mined with the Stroborama to the beginning of pressure 
rise due to combustion as shown by inspection of the cards. 
The heat loss to the cooling water was determined only for 
the standard conditions. ITone of those data could be tak- 
en from the first two or the last passage on the test pro- 
gram because they created too severe conditions of com- 
bustion. For each test speed the injection advance angle 
was held constant throughout the series of passage diame- 
ters tested. This angle was, or closely approximated, the 
optimum for each passage as determined by the investiga- 
tion of the I.A.A^. range from misfiring to maximum allow^ 
able knock. Supplementary power tests, at the maximum 
allowable advance angle, were also made while testing the 
large passages. The point of maximum advance angle was 
determined by an experienced engine operator and is^based 
on his judgment of the greatest permissible combustion 
shock. 
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During all tests, the operating ciiaracteri sties such 
as combustion sound, idling, and starting characteristics 
were recorded. The cornoustion sound was judged "by the 
same operator for all tests. Comparative idling charac- 
teristics v/oro noted while ohsorving the engine operation 
for at least one minute at 300 r.p.m, or at the lowest 
speed possible without changing of the injection-pump con- 
trols. The starting tests were made in the following man- 
ner: First, with the engine cold (about 70° F.) the crank- 
shaft was given two revolutions. If it did not start in 
three such attempts, it was motored at speeds starting at 
300 r.p.mt and increasing until the minimum sta.rting speed 
was reached. The same procedure was followed with the en- 
gine immediately after normal power operation. 



TEST RESULTS AlID DISCUSSIOIT 



G-ener a l operat in g character i sties. - The operating 
characteristics of the engine changed as the diameter of 
the connecting passage was varied. (See Table I.) The 
starting tests showed that with tne small passages a slight 
ly smaller fuel quantity and injection advance angle were 
required to ei'fect starting. ITone of the passages allowed 
starting on two revolutions of the crankshaft when cold, 
whereas all of the passages did when hot. The minimum 
cold starting speed for all passages was 700 r.p.m, regard- 
less of injection advance anc;le or fuel quantity. The en- 
gine could be idled at 300 r.p.m. with very little atten- 
tion when operating with the small passage diameters. 
However, as the passa.ge diameter "vas increased, there was 
a,n increasing tendency for the engine to hunt at idling 
speeds ancl! by the time the largest passage was reached, 
constant manipulation of the pump control was required to 
maintain a speed of 300 r.p.m. 



TABLE I 

LRAL OPEHATING CHARACTERISTICS 



Passa^^e Passage 
dio.meter area 

inches so .in. 



Idling 



. injection 
ran^e - 
miss to al- 
lowa"ble 
knock 



Cyclic varistion 
of maximwi explo- 
sion pressiire 
Vo» per sq.in, 

Cnanber Cylind er 



Corrroustion sound 

(intensity- and " Carbon det^osits 
regularity) 



ChambGr Cylinder 



CTi 



O 



Q 
O 

5 

O 

P 



* 5/16 0.028 
♦17/64 .055 



3/8 



29/64 



.110 



.161 



17/52 



good 



40' 



20'^ 



12^ 



11- 



100 



120 



small quiet - regular 



80 li.^ht knock 

regular 

100 medi^jm knocl-i 

re.gular 

120 hard knock - 

regnilax 



none 
ti 



ID O 



CD 
U 



li-::ht 



o o 



CD 



O 

U 

Ci 

c 



21/3:: 



^/4 



.536 



.442 



[ ai r 



Door 



12'- 



12^ 



100 



120 



160 



130 



dull l-inock ' 
irregular 

dull knock • 
irregular * 



0> 



*l-l/l6 .887 



bad 



o 



light knock 
irre^Tdlar 



♦Engine o-oerrtion -rould ::ot permit complete tests to be made. 
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The combustion characteristics of the engine also 
varied as the diameter of the connecting passage was in- 
creased. The comhustion sound at full-load fuel quantity 
for the two smallest passa''?:es was very unusual and will 
he termed a "whistle" for want of a "better term. Por the 
3/8-inch diameter passage, the whistle was no longer audi- 
Die and instead a light knock could "be detected. As the 
passage diameter was increased to 17/32 inch the knock in- 
creased; however, with further increase in passage diame- 
ter the knock "became less intense. The pressure indicator 
showed that the variation in maximum explosion pressure 
for successive cycles was negligible for the smaller pas- 
sages, "but increased to an apprecia'ble amount as the pas- 
sage diameter was increased. 

The effect of passage diameter on combustion at full- 
load fuel quantity was particularly evidenced by the change 
in the appearance of the exhaust. With small passage di- 
ameters the exhaust showed some flame and a little smoke, 
whereas with large passage diameters the flame and smoke 
increased considerably and caused increased heating of the 
exhaust valve and manifold. 

Effe ct of -passa c^ce diameter on mo t^o ring characteri st ies . 
The motoring characteristics shown in Figure 3 indicate 
that the more effective passage diameters are less than 
29/64 inch. The large effect on f,m.e.p. in this range is 
mostly due to passage throttling losses (see figs. 7a, b, 
and c and 8a and b) because the mechanical and induction 
losses remain nearly constant. Por the larger passages 
the passage loss is too small to affect the f.m.e.p. The 
pressure difference between chamber and cylinder is great- 
er with the smaller passages than with the larger ones, 
which approach the integral combustion chamber condition 
and show little pressure difference. However, the larger 
passages with less throttling result in a chamber pressure 
higher than the cylinder pressure, as has been previously 
reported but not explained. These unusual pressure condi- 
tions may be related to the likewise unusual temperature 
conditions (see fig. 3) of higher chamber than cylinder 
compression t em^oerature . There are several possibilities 
to explain these temperature conditions. The chamber ther- 
mocouple is protected from the cold air which enters the 
cylinder and which probably cools the cylinder thermocou- 
ple and the chamber air may be heated by friction and by 
contact in passing through the passage. 
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Figure 4 shows data which were obtained from indi- 
cator cards and which are pertinent to an understanding 
of the air flow "between cylinder and chamber. These data 
show that the more effective range of passa^^^e diameters 
is less than 29/64 inch. For the larger diameters the 
values were too small to be accurately determined and there- 
fore were not plotted. 

The pressure difference between cylinder and chamber 
causes an air flow whose velocity, below the critical 
pressure, should vary with the square root of the pressure 
difference. The position of maximum pressure difference 
should be the position of maximum velocity of flow. The 
maximum velocity of flow and position of the flow, in both 
phase and period, should be used to distribute the fuel 
spray. 

The pressure and phase data at 1,000 and 500 r,p,m, 
(fig. 4) for the lar^-er passages were of such small magni- 
tude that they could not be measured. It should be noted 
that as the engine speod decreases, the pressure differ- 
ence decreases, and the position of maxiiaum pressure dif- 
ference occurs earlier in the compression stroke. 

Figures 5 and 6 show that the compression pressures 
and f,m,e,p, depend on the passage diameter and engine 
speed. At the lower enj;ine speeds none of the passa,ges 
have sufficient restriction to affect either the maximum 
compression pressure or the pressure difference between 
the cylinder and the chamber. With increase in engine 
speed, however, the smaller passages have excessive throt- 
tling and the maximum chamber pressure increases and then 
decreases. For the larger passages and higher speeds, the 
chamber pressure is higher than the cylinder pressure. 
The f,m,e.p., due to smaller throttling losses, decreases 
nonuniformly with increase of passage diameter. The small- 
er passage diameters and the higher engine speeds have the 
greatest effect upon the throttling losses because both 
cause extremely high velocities of air flow through the 
passage, the generation of which requires energy. 

From the motoring results it is apparent that the 
passage diameter exerts a large influence on the motoring 
characteristics, the effect of which is magnified by en- 
gine speed. In the design of an engine of given piston 
displacement the optimum relation should be obtained be- 
tween the passage diameter and engine speed. At the max- 
imum engine speed the passage should be such as to give 
an air-flow velocity sufficient to mix the fuel and air 
V7ith a relatively small f.m.e.p, loss. 
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Effect of passage diameter on moto ring indicator cards. - 
Figures 7a, b, and c and 8a and "b show motoring cards with 
chamber and cylinder records taken on the same card and 
with the same top center positions. For the smaller pas- 
sage diameters the cards are noticeably un symmetrical about 
the T,C, lines. The lack of symmetry of the chamber card 
is dvLO to throttling, both on compression and expansion, 
by the small passages, which displaces the peak pressure 
after T,C, and causes the chamber to hold its pressure late 
in the expansion stroke. Slow speeds alter this asymmetry 
somewhat, because a longer time is available for the air 
flow to equalize the pressures. The cylinder peak pressure 
occurs slightly before T.C, because the cylinder air is 
throttled into the chamber when the piston slows down 
shortly before T.C, 

These double indicator cards (see figs. 7a, b, and c) 
show the effect of passage throttling on f,m.e,p, losses. 
During compression and owing to passage restriction, the 
piston must work against a high cylinder pressure which 
slowly generates a much lower chamber pressure. After top 
center is passed, the high cylinder pressure does work to 
move the piston; also, during the first part of the stroke, 
the cylinder pressure continues to increase the chamber 
press^ire. When the cylinder pressure becomes less than 
the chamber pressure, the chamber air is throttled and 
prevented from returning its energy to the piston, A large 
f.m.e.p, loss is shown in the card area below the chamber 
pressure expansion line and above the cylinder pressure 
expansion line. As the passage diameter was increased and 
the pressure differences became less, the two records over- 
lapped and became indistinct. Therefore, cards are not 
presented for the larger passages or at speeds of 1,000 
and 500 r,p.m. 

Immediately after the pressure peaks of some of the 
indicator C8.rds there is a scarcity of points owing to in- 
ability of the indicator to operate with the required ra- 
pidity. 

Effect of passa{S:e diameter o n en.c?:ine performance. - 
Figures 9, 10, and 11 show that, for the clearance shape 
used in these tests, a connecting passage of the type test- 
ed and approximately 29/64 inch in diameter will give vir- 
tually optimum performance over the speed range investi- 
gated. Because the air-flow velocity through the passage 
depends on engine speed, the consistent performance over a 
wide speed range is surprising and indicates that the longer 
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time availa'ble for the preparation of the mixture at low 
speeds compensates for the lower velocity of the air 
through the passage and makes good performance with satis- 
factory engine operating conditions possible over a wide 
speed range. In this instance, the criterions for good 
engine operating conditions are moderate cylinder pressures 
rates of pressure rise, and combustion sound. 

In the selection of the optimum passage diameter, max- 
imum engine speed is the determining factor "because a pas- 
sage which gives optimum performance at low speeds may 
give destructive pressures at high speeds. The excessive 
pressures are due to "better combustion caused by increased 
velocity of the air at higher engine speeds with the re- 
sulting better mixing of the fuel and air. At 1,500 r.p.m, 
extremely high pressures were evident in the chamber while 
the smallest passage was being tested. Repeated attempts 
were made, without success, to measure the pressure in the 
chamber. Several types of pressure-measuring instruments 
available at the laboratory were used, but the life of 
each was too short to obtain a single reading. The fail- 
ures were apparently caused by a combination of pressure 
and temperature, for in all cases the indicating element 
of the instrument was badly distorted by the pressure with 
evidence of excessive neating. 

Although the combustion is evidently better at high 
speed and small passage diameters, the performance is not 
the optimum, owing to the excessive throttling of the small 
pas&ages. These two factors, throttling and combustion, 
are more nearly balanced at 1,000 r.p.m, and 500 r.p.m., 
and the resulting per..ormance curves at these speeds are 
quite flat. Therefore, in the design of a pr ecombusti on 
chamber this lack of sensitivity at low engine speeds is 
advantageous because an optimum passage size for the maxi- 
mum engine speed can be selected and the performance at 
lower speeds will not be adversely affected. 

Figure 9 shows that at 1,500 r,p,m, in both chamber 
and -cylinder there is an increase in ignition lag and a 
decrease in the rate of pressure rise as the passage diam- 
eter is increased. 

The increase in ignition lag found in the tests on 
passage sizes ranging from 3/8 inch to 17/32 inch diameter 
was accompanied by an increase in combustion knock; howev- 
er, for the two larger passages the ignition lag increased 
slightly but the combustion knock became less intense. In 
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the opinion of some investigators, comhustion knock is 
caused by a high rate of pressure rise. The results of 
these tests do not confirm this belief because passages 
giving the highest rates of pressure rise gave the quiet- 
est engine opera,tion. 

The tests of the two larger passages showed a slight 
decrease in rate of pressure rise with a corresponding 
decrease in combustion knock, but the magnitude of the 
change is slight in comparison with that observed for the 
smaller passages. 

The conclxisions drawn from the results of these tests 
are that combustion knock is much more dependent upon ig^ 
nition lag than upon rate of pressure rise and that rate 
of -ores sure rise may decrease with an increase in ignition 
lag^. The tests made at 1,000 and 500 r.p.m. (figs, 10 and 
11), owing to the lesser velocities of air flow at these 
speeds, do not show trends as sharply defined as those 
shown at 1,500 r.p.m. At each speed, the I.A.A, and rate 
of fuel injection was held constant for the series of pas- 
sa.ge diameters tested; therefore the effect of passage di- 
ameter on ignition lag and rate of pressure rise is evi- 
dently caused by the decrease in air velocity as the pas- 
sage diameter was increased. 

The curves show that some combustion control can be 
obtained by means of small passage diameters because the 
rates of pressure rise are higher in the chamber than in 
the cylinder when operating with the 3/8-inch diameter pas- 
sage. The equivalent data could not be obtained from ei- 
ther of the two smaller passages because, after short power 
runs, the crown of the piston was dangerously eroded by the 
impingement of the concentrated Jet of burning gases issu- 
ing from the small passage. However, small passages do 
effect good mixture control and minimize the effects of ir- 
regularities of the fuel-injection system, such as small 
variations in the start of injection. This effect is shown, 
when operating at small passage diameters, by the small 
cyclic variations in cylinder explosion pressure as meas- 
ured with the balanced-diaphragm pressure indicator. 

It should be noted that only in the case of the small- 
er passage diameters at high speed does the explosion pres- 
sure in the chamber exceed that in the cylinder. This re- 
lation of chamber pressu.re to cylinder pressure indicates 
that the larger passage sizes offer no appreciable resist- 
ance to the flow of gases from the chamber to the cylinder* 



12 



H.A.C.A, TGchnical Note ITo • 436 



The ignition lag curves show that there is some difference 
"between the times of start of pressure rise in the cham- 
ber and in the cylinder, but this must be very small, for 
even though the rate of pressure rise is only slightly 
higher in the cylinder, the pressure builds up and the max- 
imum becomes greater than that in the chamber • Fnen the 
cylinder pressure exceeds the chamber pressure, the direc- 
tion of the flow of gases through the passage is reversed, 
but although the differential pressure, as shown by the 
figures, is small, there is insufficient time available 
for the pressures to become equalized except in the case 
of the large passages. 

The combustion process slows down with increased pas- 
sage diameter and the rates of pressure rise and maximum 
pressures in the chamber and cylinder become more nearly 
equal. The slower combustion is evidently due to the mix- 
ture of air and fuel becoming less complete as the passage 
size is increased and air-flow velocity decreased. This 
observation is substantiated not only by the curves but by 
the fact that the exhaust valve and manifold, due to the 
slower burning mixture, ran hotter as the passage size was 
increased. This condition became so severe that the I-I/I6- 
inch diameter passage could not be completely tested due to 
excessive heating of these parts. 

The supplementary tests made at maximum allowable ad- 
vance angle are represented on the curve sheets by the 
points that do not fall on the curves. These runs were 
made because it was found that the explosion pressures 
were decreasing with an increase in passage diameter and 
it was considered advisable to determine if the best per- 
formance could be equaled by advancing the injection and 
thereby Raising the explosion pressures. The results of 
these tests at maximum allowable advance angle show that 
although the maximum explosion pressures were increased 
by about 150 pounds per square inch, the performance was 
only slightly improved. The combustion knock under these 
conditions was much worse thai; with any passage under 
standard condi ti ons ^ 

The scope of these tests did not include obtaining 
complete heat-loss data; however, measurements were made 
of the heat losses to thQ cooling water. It can be seen 
from Figure 12 that, with the exception of the heat loss 
from the head, the trend of the curves indicate that the 
coolant losses decrease with increase in passage diameter. 
This decrease in the total heat loss as well as the de- 



II,A,C.A, Technical Note Ko. 436 



13 



crease in the heat loss from the chamber cap and cylinder, 
may "be caused "by less scrublDing of the walls as the veloc- 
ity of the gases through the connecting passage is do- 
creased, or it may "bo the result of a greater quantity of 
heat heing lost to the exhaust as combustion is slowed 
down • 

Power ca rds .- Figure 13 is drawn from typical indica- 
tor cards obtained during these tests. Cards were taken 
from the chamber and cylinder for each passage tested, but 
only the cards for the two passage diameters nearest the 
optimum are presented. These indicator cards show the 
pressure rises to be straight lines. The pressure lines 
on the power cards shown are drawn through a mean of the 
Farnboro points so the rates of pressure rise as determined 
from these cards would be average* The data plotted in 
the engine performance curves, however, are the maximum 
rates of pressure rise for any cycle* 

CONCLUSIONS 

The motoring tests made for each passage showed that 
the f«m,e.p«, owing to throttling losses, was excessive 
when a connecting-passage diameter of less than 29/64 inch 
was employed; however, for a passage diameter equal to 
29/64 inch, the f.m.e.p. was allowable and further increase 
in passage area effected only a slight decrease. 

The power tests showed that, for the design of com- 
bustion chamber used in this investigation, the 29/64-inch 
diameter connecting passage was the most suitable for good 
operating characteristics and optimum perf crmance > From 
the consideration of maximum power there was very little 
difference between this passage and the 17/32--inch diame- 
ter passage. The fuel economy and combustion sound of the 
former were sufficiently better, however, to warrant the 
selection of the smaller passage. 

In the design of a precombusti on-type cylinder head, 
the diameter of the connecting passage should be selected 
for optimum performance at the maximum engine operating 
speed. This can be done because the test results show that 
as the speed is decreased, the diameter of the connecting 
passage becomes less critical and optimum performance ob- 
tains over a wide range of passage diameters. 
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It is impossible to attain both maximum performance 
and satisfactory combustion control by means of any single 
size of circular connecting passage because losses due to 
throttling of flow tend to nullify the good mixing proper- 
ties of high air velocities through small passages. The 
optimum performance is obtained when a favorable balance 
is reached between these two factors. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. , November 9, 1932. 
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Optiirruin size ;tested 

MaJiimum and minirrroin size tested 

Pig.l N.A.C.A. cylinder head design No. 7 , showing remova'ble insert and three passage outlines. ^ 
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Fig. 6 Effect ox engine speed on f^m.e.p. 
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Effect of passage diameter ctx engine performance at 
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Fig. 12 Effect of passage diameter on heat losses to 
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Fig. 13 Power indicator cards, 15CC r.p.m. 



